Abstract Titanium (Ti) is a very interesting chemical element, so it shows beneficial effects on various physiological parameters of plants at low concentrations. This study was conducted at Agronomy Department Experimental Farm, Agriculture Faculty, Assiut University during 2014/2015 and 2015/2016 seasons to study the effect of bread wheat grains soaking in different titanium dioxide concentrations on the yield and its components. The experiment was layout in randomize complete blocks design (RCBD) using split-plot arrangement with three replicates. Soaking times (12, 18 and 24 hour) were arranged in main plots, while the titanium dioxide nanoparticles concentrations (0.00, 0.01, 0.02 and 0.03%) were arranged in sub-plots. The obtained results showed that all studied traits except spike number/ m 2 in both seasons and kernel weight spike -1 in the first season only didn't affected significantly by soaking times.
Introduction
Wheat crop consider the most important cereal crops in the world with regard to cultivated area and total production. The cultivated area of wheat in Egypt during 2013 season was about 1418708 ha with the total yield production of 9460200 ton (FAO, 2013) . While the total consumption reached about 19600000 ton. So, increasing wheat production in order to reduce the gap between production and consumption are the strategic aim. Nowadays, various researchers have studied the effects of nanomaterials on plant germination and growth with the objective to promote its use for agricultural applications (Khot et al., 2012) . Nanoparticles (NPs) have average size of less than 100 nmand have unique properties that depend on their phase, distribution, size and morphology (Christian et al., 2008) . Titanium has significant biological effects on plants, being beneficial at low levels but toxic at higher concentrations. Although titanium is not toxic for animals and humans, its effects on plants and bacteria show noteworthy concentration dependence (Jaberzadeh et al., 2013) . Nano sized TiO 2 is a frequently used nanoparticle, consequently there has been an exponential increase in data collection on the effects of TiO 2 nanoparticles on different species but there is much less information on the effects of nanoparticles on plants compared to animals. Studies the effects of TiO 2 nanoparticles on plants provide information about the positive and stimulating effects as well as any negative impact (Klancnik et al., 2011) . Despite the low availability of Ti element to plants, its beneficial effects on plants have already been proved. In oats (Avena sativa), Ti uptake as a nutrient solution by roots was more effective than spraying it on the leaves, benefiting various plant physiological parameters such as biomass yield, chlorophyll content, and growth (Kuzel et al., 2003) . Kiss et al. (1985) and Daood et al. (1998) also showed that Ti could activate photosynthesis, probably by changing the redox state of specific regulatory proteins and eliciting an alteration in enzyme activity, the most important enzyme being fructose-1,6-diphosphatase (F-1,6BP), which participates in the Calvin cycle, gluconeogenic, and oxidative pentose phosphate pathways of carbohydrate metabolism which are assumed to be associated with Ti. Owolade et al. (2008) reported that the seed yield of cowpea (Vignaunguiculata) was increased when treated (as foliar application) with nano-sized titanium dioxide. They concluded that it may be due to the photocatalyst ability of the nanosized titanium dioxide, which leads to an increased photosynthetic rate. Similar yield increases were reported in rice by Chao and Choi, 2005. Jaberzadeh et al.(2013) showed that titanium dioxide nanoparticles at 0.02% increased almost all wheat agronomic traits i.e. Plant height, ear weight, ear number, 1000-seed weight, harvest index and seed yield ha -1 as well as gluten and starch content. Whereas, in the literature there is little evidence on the effect of titanium on crop plants, we have studied the influence of titanium dioxide nanoparticles and common titanium oxide (bulk) on growth, yield and yield components as well as grain wheat quality. The objective of this study, therefore, is to evaluate the effect of bread wheat grains soaking in different titanium dioxide concentrations on the yield and its components.
Materials and Methods
This work was carried out during 2014/ 2015 and 2015/ 2016 seasons in the Agronomy Department Experimental Farm, Agriculture Faculty, Assiut University to study the effect of bread wheat grains soaking in different titanium dioxide concentrations on the yield and its components. The soil structure of the experimental site is clay, comprisingof 42.60% clay, 30.40% silt and 27% sand with pH of 8.02 and EC 0.74dsm-1. The experimentwas laid out in Randomized Complete Block Design(RCBD) in split plot arrangement with three replicates. Soaking times (12, 18 and 24 hour) were arranged in main plots, while thetitanium dioxidenanoparticles concentrations (0.00, 0.01, 0.02 and 0. 03%) were arranged in sub-plots. In order to prepare titanium dioxide nanoparticles, 20 g titanium dioxide was dissolved into water and then 0.01 ml of solution was filled up to 1000 ml.
Thus, different concentrations of titanium dioxide (0.01, 0.02, and 0.03%) were prepared. Each sub-plot area was 10.5 m 2 . Wheat grains (Triticumaestivum L. c.v 'sids 12) were soaked in the previous titanium concentrations for tested time then sown by hand on 9 and 16 December in the first and second seasons, respectively at a depth of 3 cm. Control grains were treated with distilled water. All other cultural practices recommended for wheat crop were done in both seasons.
At harvest ten guarded main stem for each sub-plot were taken and plant height (cm), spike length (cm), number of spikelet's spike -1 , number of kernels spike -1 and kernels weight spike -1 were determined. 1000-kernel weight, number of spikes m 2 , grain and straw yields were determined in plot basis then transferred to ardab and ton fad -1 , respectively. All data collected were analyzed with analysis of variance (ANOVA) Procedures using the SAS Statistical Software Package (v.9.2,2008) . Differences between means were compared by LSD at 5% level of significant (Gomez and Gomez, 1984) .
Results and Discussion
Growth traits: Data presented in Tables1 and 2 show that the soaking times, titanium dioxide nanoparticles concentrations, and their interaction had a significant (p≤ 0.05) effect on plant height and spike length in both seasons except the effect of soaking time on plant height which was significant in the first season only. Soaking wheatgrains in titaniumdioxide nanoparticles concentrations for 12 and 18 hour before sowing produced the highest mean values of plant height (94.5 and 85.1 cm in the first and second seasons, respectively). Also, among the different titanium concentrations, titanium dioxide nanoparticles at 0.02% concentration produced the tallest wheat plants (86.2 cm in the second season) and the longest spike (12.7 and 11.8 cm in the first and second seasons, respectively). Moreover, the tallest wheat plants (89.7 cm in the second season) and the longest spike (12.8 and 12.0 cm in the first and second seasons, respectively) were obtained when wheat grains were soaked at 0.02% titanium dioxide nanoparticles concentration for 12 hour. Increase of plant height and spike length may be due to the positive effects of titanium in different cellular mechanisms. For instance, improvement of photosynthesis and increase in chlorophyll content are two possible reasons for this. Kiss et al. (1985) and Daood et al. (1998) also showed that Ti could activate photosynthesis, probably by changing the redox state of specific regulatory proteins and eliciting an alteration in enzyme activity, the most important enzyme being fructose-1,6-diphosphatase (F-1,6BP), which participates in the Calvin cycle, gluconeogenic, and oxidative pentose phosphate pathways of carbohydrate metabolism which are assumed to be associated with Titanium. Similar results were obtained by Jaberzadeh et al., 2013 . Yield components traits: Illustrated data in Tables 3 to 7 focuses that soaking time had a significant (p≤ 0.05) effect on number of spikes m -2 in both seasons and seed weight spike -1 in the first season only while, the effect in all others studied yield components traits don't reached the 5% significant level.
The highest mean values of spikes numberm -2 (393.8 and 353.5 in the first and second seasons, respectively) were obtained when wheat grain was soaked before sowing for 12 hour. Furthermore, the obtained results show that the titanium dioxide nanoparticles concentration had a significant (p≤ 0.05) influence on number of spikeletsspike -1 ; kernels number spike -1 , kernels weight spike -1 in the two growing seasons and 1000-kernel weight in the second season only. The maximum number of spikelets spike -1 (20.2 and 19.6 in the first and second seasons, respectively) were obtained from 0.02 and 0.03% titanium dioxide nanoparticles concentrations in the first and second seasons, respectively. Also, 0.03%titanium dioxide nanoparticles concentration give the highest mean values of kernels number spike -1 (73.6 and 75.8 in the first and second seasons, respectively).Also, the highest mean values of kernels weight spike -1 (3.38 and 3.39 g in the first and second seasons, respectively) were obtained from 0.03 and 0.02 % titanium dioxide nanoparticles concentrations, respectivelywhile, the heaviest 1000-kernel weight in the second season (44.6 g) was reacted significantly to 0.02% titanium dioxide nanoparticles concentration. On the other hand, the lowest mean values of 1000-kernel weight (44.2 and 40.2 g in the first and second seasons, respectively) were obtained from control treatment (0.00% titanium dioxide nanoparticles concentration). The previous founding concerned kernel weight spike -1 is logic since the testedtitanium dioxide nanoparticles concentrations gives the highest kernels number spike -1 and 1000-kernels weight and consequently increased kernel weight spike -1 . Here too, the interaction between soaking time and titanium dioxide nanoparticles concentrations had a significant effect on spike number m -2 , kernels number spike -1 , kernels weight spike -1 and 1000-kernel weight in the two growing seasons. The highest mean values of spike number m 2 (438.0 and 378.0 in the first and second seasons, respectively) were obtained from grain soaked before sowing at 0.03 and 0.01% titanium dioxide nanoparticles concentrations for 12 hour in the first and second seasons, respectively. Also, the highest kernels number spike -1 (77.9 and 82.7 in the first and second seasons, respectively) were obtained from grain soaked before sowing at 0.03 and 0.02%titanium dioxide nanoparticles concentrations for 18 hour in the first and second seasons, respectively. Moreover, the heaviest kernels weight spike -1 (3.89 and 3.83 g in the first and second seasons, respectively) were obtained from grain soaked before sowing at 0.03 titanium dioxide nanoparticles concentration for 24 hour and 0.02% titanium dioxide nanoparticles concentration for 18 hour in the first and second seasons, respectively. The highest thousand kernel weight (51.3 and 46.2 g in the first and second seasons, respectively) were obtained from wheat grain soaked at 0.03 and 0.02% titanium dioxide nanoparticles concentration for 18 hour in the first and second seasons, respectively. These obtained results are in a good line with those stated by Jaberzadeh et al. (2013) and Razzaq et al.(2016) . Grain and straw yields (ton fad -1 ) traits: Exhibited data in Tables  8 and 9 reveal that there are no significant differences between three tested soaking times on grain yield in both seasons, although the wheat grain soaked for 12 hour before sowing produced the highest mean values of grain yield (23.4 and 22.4 ardab fad -1 in the first and second seasons, respectively).Straw yield affected significantly by soaking time in the first season only in favor of 24 hour treatment which gained the highest mean value of straw yield (5.1 ton fad -1 ). Moreover, the data presented here reveal that the titanium dioxide nanoparticles concentrations had a significant effect on grain yield in the two growing seasons. The maximum grin yield (23.8 and 22.4 ardab fad -1 in the first and second seasons, respectively) was obtained from 0.03 and 0.01% titanium dioxide nanoparticles concentration in the first and second seasons, respectively. This is to be expected since the same titanium concentrations produced the highest number of spike m -2 and kernel weight spike -1 and consequently grain yield fad -1 .Also, straw yield was increased significantly with treated seeds by titanium nanoparticles in the first season only. Thus, the highest straw yield (5.1 ton fad -1 in the first season) was obtained from 0.03% titanium dioxide nanoparticles concentration. Increase of growth and yield may be due to the positive effects of titanium in different cellular mechanisms. For instance, improvement of photosynthesis and increase in chlorophyll content are two possible reasons for this. Owolade et al. (2008) reported that the seed yield of cowpea (Vignaunguiculata) was increased when treated (as foliar application) with nano-sized titanium dioxide. They concluded that it may be due to the photocatalyst ability of the nanosized titanium dioxide, which leads to an increased photosynthetic rate. Similar yield increases were reported in rice by Chao and Choi, 2005 and in wheat by Jaberzadeh et al., 2013 . As well as the tablet data focus that the interaction between soaking times and titanium dioxide nanoparticles concentrations had a significant influence on wheat grain yield in the tow growing seasons, while the effect was true concern of straw yield in the second season only. Wheat grains soaked before sowing at 0.03% titanium dioxide nanoparticles concentration for 24 hour produced the highest mean value of grain yield (25.0ardab fad -1 ) in the first season, while in the second season the superiority observed when wheat grains soaked at 0.01% titanium dioxide nanoparticles concentration for 18 hour (23.5 ardab fad -1 ) or 0.02% for 12 hours (23.2 ardab fad -1 ). 
